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MULTIPLICATION  AND  VIRULENCE  OF  SKPTIUJMIO 
AND  BLOOD  PATHOGENS  IN  THE  ORGANISM  OF  IN¬ 
FECTED  ANIMALS  AND  IN  THEIR  CARCASSES: 

REPORT  VI.  STUDY  OF  A  MODEL  OF  EXPERI¬ 
MENTAL  INOCULATIONS  WITH  LI st aria  mono¬ 
cytogenes 


Izvestlya  na  Mlkroblolc-  Al.  Toahkcnr,  D.  Velyanov 

floheaklya  l'natlHTpa  and  It,  Kaioyanov 

^Igaraka  AkaJanTyai  ria 
NauElto  (Bulletin  of  the 
Institute  of  Microbiology 
of  the  Bulgarian  Academy 
of  Solenoea),  Vol.  17, 

1965,  pageo  135-141. 


The  ro8ult8  of  our  research  on  the  mul  tlplloatlon  and 
viruienoe  of  certain  septicemic  and  blood  pathogens  ware  re¬ 
ported  In  a  series  of  preceding  articles  [1,  2,  3,  4,  6],  The 
results  of  our  research  on  the  multiplication  and  changes  in 
the  virulence  of  Listeria  monocytogenes,  set  forth  In  the 
present  artiole,  are  a  dlreot  follow-up  of  these. 

Listeria  monocytogenes  is  of  Interest  as  an  object  of 
study  In  ‘the’ "sense  or  our  preceding  research  not  only  from  the 
viewpoint  of  epidemiology  and  eplzootlology ,  but  also  from  the 
viewpoint  of  the  doctrine  of  a  natural  focus  of  infectious  dis¬ 
eases. 


Aa  is  known,  List,  monocytogenes  is  pathogenic  not  only 
for  man  but  also  for  a  large  number  "of  domestic  and  wild  anl- 
raelB,  Aa  a  result,  it  must  be  emphasised,  the  oannlbaliem 
widely  prevalent  among  the  rodents  and  oarnivores  living  in 
freedom  in  nature  represents  a  significantly  Important  link 
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In  the  epizootloiogy  and  natural  focus  of  listeriosis.  This 
being  the  case,  any  pcatmortal  multiplication  and  rise  in  the 
virulence  of  List  monocytogenes  would  constitute  an  excep¬ 
tionally  important  condition  assuring  the  ready  reinfection  of 
wild  animals  in  nature. 

Materials  and  Methods 


We  worked  aoocrding  to  the  technique  deBoribed  in  some 
of  the  preceding  articles  [2,  4],  using  the  guinea  pig  as  ex¬ 
perimental  animal.  The  guinea  pigs,  each  inoculated  intra- 
peritoneally  with  1  ml  of  24-hour  broth  culture  of  list,  mono- 
oytogenes,  died  on  the  4th-5th  day. 

Wf  made  the  determination  of  the  rirulenoe  of  oultures, 
isolated  at  varying  periods  after  death  from  the  heart's  blood 
of  the  experiments  1  animals,  on  white  mice  as  in  the  preceding 
works  Cl,  2,  3,  4,  OJ. 

Three  groups  of  experiments  ware  oonduoted:  Group  I  — 
the  oaroassas  of  six  guinea  pigs  that  died  after  experimental 
inoculation,  kept  at  a  temperature  of  28°  C;  Group  II  —  car¬ 
casses  of  five  guinoa  pigs,  kept  at  e  temperature  of  16°  C; 
and  Group  III  --  carcasses  of  six  guinea  pigs,  kept  in  the  re¬ 
frigerator  at  a  tempore tur a  from  0  to  4°  C, 

Results  and  Discussion 


Table  1  gives  the  average  results  of  the  first  group  of 
experiments.  From  the  data  it  can  be  seen  that  at  the  moment 
of  death  and  at  the  5th  and  9th  hour  thereafter  no  Listeria 
are  discovered  at  all  despite  9001  magnification  of  the  field 
of  view.  At  the  24th  hour  1  or  2  bacteria  are  ascertained 
across  each  of  several  fields,  while  in  the  preparations  made 
36  and  48  hours  afterwards  no  listeria  are  discovered. 

Those  data  show  that  the  baoteriemlo  titer  of  List ^ 
monooytogspea  in  the  guinea  pig  before  death  is  not  hTg& 
enougi  for  the  antibacterial  properties  of  the  blood  to  be 
overcome,  end  for  this  reason  no  postmortal  multiplication  of 
Listeria  is  observed  in  contrast  to  what  was  observed  in  the 
case  of  a  number  of  pathogens  in  cur  preceding  works  [1,  2, 

3,  43. 


The  miorosoopla  findings  in  the  liver  and  gpleen  at  the 
moment  of  death  show  from  0  to  1-2  Listeria  across  a  few 
fields,  i.  e.  the  findings  ere  about  the  sane  as  in  the  blood. 
Thereafter  the  number  of  baoterla  increases  ten-fold,  to  read 
100-160  baotaria  on  the  field  of  view  at  tha  48th  hoar.  It 
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merits  mention  that  List .  monooytogenea  shows  a  definite 
tendency  to  multiply  in  nidi  of  20-50  baoteria  or  more. 


Table  1 

RATS  AND  EXTENT  CF  P0STWQR1AL  MULTIPLICATION  OF 
Listeria  monocytogenes  AT  23°  0  ON  THE  BASIS  OF 
irronctr TfnnJrciSSKS  OF  sn  guinea  pigs 
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leys  (by  columns): 


A. 


B. 

0. 


D. 


Time  after  death 

1.  Moment  of  death  4.  24  hours 

2.  5  hours  5.  26  hours 

3.  9  hours  6.  48  hours 


Blood  from  heert  (number  of 
4.  1-2  on  several  fields 

Liver 

2.  ‘  1-2  to  10 

3.  10  to  20 

4.  6-6  to  20-30  per  field 
here  and  there  nidi  of 
25-30  baotaria 

8pleen  (number  of  Listeria  : 


Listeria  in  visual  field) 


6.  from  4-5  to  50-60 
6.  from  10-12  to  100- 
150  per  field  and 
in  individual  fielfe 
nidi  of  several 
tens  to  100  List, 
visual  field) 


1.  from  0  to  1-2  on  a  flew  fields 

2.  from  4-5  to  10  per  field 

3.  from  0  to  nidi  of  20-25  baotaria  across  1-2  fields 

4.  from  15-20  to  40-50 

5.  10-15  (in  some  preparations  nidi  of  50  eaoh 
across  £-3  fields) 
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In  oontraat  to  the  hundred-  and  thousand-fold  multipli¬ 
cation  of  the  puthogena  used  as  models  in  our  preceding  works, 
the  pace  of  multiplication  here  at  the  sane  temperature  (28° 

0)  is  slower  and  for  this  reason  the  nutter  cf  T J, steria  that 
have  reproduced  is  smaller. 

Table  2 

RATE  AND  STENT  OF  POSTMQRTAL  MULTIPLICATION  OF 
Listeria  monocytogenes  AT  16°  C  ON  THE  BASIS  OF 

FINDINGS  TnUahCAS’Sss  of  five  guinea  pigs 
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Keys  (by  columns): 

A,  Time  after  death 

1.  Moment  of  death  4,  24  hours 

2.  5  hours  5,  36  hours 

3.  9  hours  6,  48  aours 

B.  Blood  from  heart  (number  of  Li st e rla  on  visual  field) 

3.  from  1  to  7-9  aoross  several  fields 
6.  2-3  aoross  several  fields 

0,  Liver  (number  of  Listeria  on  visual  field) 

1.  from  0  to  4-5  on  vis  ual  field 

3.  from  0  to  10-15 

4.  from  10  to  18-20  on  field  (here  and  there  in  nidi 
cf  10-15 

5.  from  scattered  ones  tc  100-130  on  field 

6.  from  20  -30  to  70-80 

D,  Spleen  (number  of  Listeria  on  vis.^al  field) 

1,  from  3-4  aoross  TleU  to  20-25  on  visual  field 

3.  from  7-8  field  to  20-30  bacteria  in  nidi 

4.  from  10-15  to  70-80 

5.  from  50-60  i".  200-300 

6.  Nidi  of  40-50,  hare  and  thare  prior  to  accumula¬ 
tion  of  a  great  number  of  beo»aria  on  field 
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Table 


RATE  AND  EXTENT  OF  POSTMCRIAL  MULTI  ELI  CAT  I  ON  OF 
Listeria  monocytogenes  AT  0  —  4°  C  ON  BASIS  OF 

OTUTICS  In TTaETCSIses  of  sn  guinea  pigs 


A  Bpt»«  f/*A  ] 

CMtpTTa 

fapfca  ot  cvputTo 
ifftpoi  as  JMCT«P«*T< 
M  SpattaiM  noat)  | 

I  C  S«p*M  apod 

noae)  j 

D  n.... 

(6po*  Ni  aN4ifp«iiT«  aa  ap«rM«o 
neat) 

1  V.OMfMT  HI 

i  0 

■or  1  -2  40  3  (NJ  H4KOJ4C'  no-i  1  — 2  40  4KttHHI  (l  MMH  Dp* 

cuvprTi 

1 

j.ieta  no  8-10  -12) 

I  | 

napn  orHHLUf  c  25—30  ahc 
TfpHM  HA  naif) 

2  5  i 

0 

3  -5  np»s  iicum 

3-5 

3  9  t 

0 

10-12-25  (mi  rn«ui  no  15 
-30) 

5-15 

I 

4  24  1 ■ 

0-1 

;15— 20  (ha  rntaju  no  35  40)!  10-25  to  30 

5  36  1. 

0 

10—15-20 

10  —  30  ao  35  rprs  jpNif  aho 
noAf 

6  48  r. 

0-1—2 

15-18-20 

— 

7  n  i. 

0—2 

50—60  (1  C4MM  ipMONOCtR 
CVI  HM  80) 

40-50 

leys  (by  oolumne): 

A.  Time  after  death 

1.  Moment  of  death  6.  36  hours 

5  hours  6.  48  hooTB 

3,  9  hours  7.  7  2  hours 

4,  24  hours 

B.  Blood  from  heart  (number  of  Lister  la  on  visual  field) 
0.  Liver  ( number  of  Lie teria  on  visual  field) 

1.  from  1-2  to  "3  Ton  several  field®  6-10-1 2) 

2,  3-5  aoroas  field 

3,  10-12-25  (in  nidi  of  15-30) 

4.  15-20  (in  nidi  of  35-40) 

7.  50-60  (In  one  blood  vessel  in  excess  of  80) 

D.  8pleen  (number  of  Lister  la  on  visual  field) 

1.  1-2  to  10  (in  one  preparation  ft  cue  with  25-30 

Listeria  on  field 
4.  T »  30 

6,  10-30  to  35  across  visual  field 
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The  results  of  the  second  Group  of  experiments,  conduct¬ 
ed  at  a  temrornture  of  16°  C,  are  eat  forth  in  Table  2.  At 
this  temperature,  too,  the  results  ? f  the  analysis  of  blood 
smcnra  are  negative  v;lth  the  exception  of  findings  at  the  9th 
and  49th  hour  where  isolated  bacteria  are  encountered  across 
a  fair  visual  fie  Ida. 

The  f in  the  liver  and  spleen  at  this  lower 
temperature  show  no  significant  ainereuoes  fi-err.  those  ob¬ 
served  in  the  first  group  of  experiments .  In  contrast  to  the 
considerable  retardation  in  the  tempo  of  multiplication  with 
the  reduction  of  temperature  observed  in  the  case  of  Past , 
pseud otutgrculoels.  Erys.  rhusiops thlae  and  Baot.  pyooyancum. 
here  this  phenomenon  la  not  observed  to  be  so  clearly  pro- 
nounoed.  Even  in  the  oase  of  smears  at  the  36th  and  48th  hour 
ten-fold  and  greater  multiplication  of  the  Listeria  is  ob¬ 
served. 


The  results  of  the  third  group  of  experiments,  conduct¬ 
ed  at  e  temperature  of  from  0  to  4°  C,  ore  gj-v^n  in  Table  3. 

The  data  of  mlorcsoopio  findings  in  blood  smears  as  well  as  in 
liver  and  spleen  preperati>  is  show  quite  clearly  that  the  post- 
mortal  multiplication  of  L_  *  ter  la  at  refrigerating  temperature 
proceeds  considerably  more  slowly  in  comparison  with  the  find¬ 
ing  in  the  first  two  experimental  groups  at  28  and  16°  C.  It 
must  be  mentioned  that  the  number  of  Listeria  in  the  liver  and 
spleen  preparations  made  at  the  72nd  hour  Is  "already  consider¬ 
able  and  equals  the  number  of  bacteria  by  the  36th-48th  hour 
at  a  temperature  of  16®  C,  This  is  the  result  of  comparatively 
more  rapid  postmortal  multiplication  of  Listeria  after  the 
second  24-hour  period. 

In  the  third  group  of  experiments  tne  data  itom  blood 
Bmeara  likewise  ooinoide,  especially  during  the  later  hours, 
with  the  results  obtained  in  the  first  two  groups  of  experi¬ 
ments.  Consequently  the  antibacterial  titer  of  the  blood 
relative  to  List,  monocytogenes  is  comparatively  higher  and 
cannot  easily  a'na  qulokiy  ds  overcome  regardless  of  the  con¬ 
siderable  differences  in  temperature  during  the  different 
groups  of  experiments. 

Nor,  it  must  be  noted,  —  Just  like  our  observations 
in  the  oase  of  Past,  pseudotuberoupsle  and  Bact .  pyooyaneum 
[2,  4],  —  is  any  multi  pile  at  ion  of  septlo  ml  or  or  lor  a  ob- 
served  here  as  a  counterbalance  to  that  whioh  was  ascertained 
in  the  oase  of  Srys,  rhuaio pa thlae  [3J  —  exuberant  multipli¬ 
cation  of  a  large  number  of  baotarlel  species  penetrating  into 
the  blood  and  tissues  of  the  digestive  tract. 
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Table  4 


VARIATIONS  IN  VIRULENCE  OP  Listeria  monocytog¬ 
enes  IN  CARCASSES  OF  GUINSATrT;S'~KEl,T  AT  VAni- 
"UUS  TEMFERA  HIRES  (INITIAL  VIRUUSNCK  OF  STRAINS 
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A 

fJM*  othfnt* 

5  T«ampiT^'i.  np«  km  to  c  t  (V«p«*s*s 

vyy  aavert 

MX 

16  1 

— 4*C 

.WcsttMi  m  cutprtt 

i  io-* 

5.  10“* 

3.  i0*‘ 

8  M 

10  i 

3.106 

J . I0~* 

10  4. 

_ 

3.10* 

10  » 

24  4. 

3.10* 

10-6 

5. 10~» 

36  4. 

3  . 10  • 

— 

10  * 

48  *. 

10  » 

3. 10~* 

5 . 10~* 

Keys  (by  columns) 

A.  Time  after  death 

1,  Moment  of  death 

2.  5  hours 

3.  10  hours 

4,  24  hours 

5,  36  hours 

6.  48  hours 

B.  Temperature  at  which  carcasses  ware  leapt 


Table  4  generalises  the  titration  results  of  changes 
In  the  virulence  of  Listeria  minogytoge ne b  in  tha  oarcossee 
cf  guinea  pigs  that  died  a  ft  or  experimental  mooulatlon,  kept 
at  different  temperatures.  From  the  data  far  a  temperature  of 
28°  C  it  can  .be  seen  that  at  the  moment  of  death  virulence 
rose  60-fold  in  comparison  v.lth  initial  temperature.  At  the 
6th  hour  it  had  rlaen  300-fold,  to  reach  an  increase  of  over 
10,000-fold  at  the  E4th  hour,  at  which  level  it  remained  until 
the  36th  hours.  Thereafter,  at  the  48th  hour,  it  fell  sharply 
(hardly  30  times  higher  than  initial  temperature). 

At  a  temperature  of  16°  C,  virulence  at  the  moment  of 
death,  Just  aa  ebove,  rose  60-fold  in  oemparison  with  initial 
virulenoe.  Thereafter  It  showed  a  tendency  towards  a  marked 
rise,  mounting  600-fold  at  the  fth  hour,  1000-fold  at  the  10th 
hour  and  attaining  its  maximum  of  3000-fold  at  the  24th  hour. 
Regardless  of  its  considerable  drop  at  the  48th  hour,  it  re¬ 
mains  10  times  greater  than  initial  virulenoe. 


As  cun  be  Bean  from  the  results  given  far  a  temperature 
from  0  to  4°  C,  the  virulenoe  of  Llsterle  monocytogenes  at  this 
temperature  lnorunsou  more  slowly  dor  iry:  the  f  i rat  34  -hour  pe¬ 
riod  (600-fold  at  the  34th  hour),  reaching  its  maximum  increase 
of  3000-fold  at  Hie  36th  hour  after  death.  At  the  48th  hour 
It  drops  to  almost  initial  virulence. 

Comparison  of  the  data  from  the  above  three  experiments 
reveals  that  the  onange  in  virulence  of  Listeria  moi.ooytoffanes 
In  the  oaroaasea  prooeede  moat  rapidly  and  roaches  Vue  highest 
level  at  a  temperature  of  38°  C.  At  a  temperature  of  16°  C 
and  at  a  temperature  from  0  to  4°  C  virulence  attains  the  same 
maximum  of  3000-fold,  but  thlB  rlee  at  temperatur e  0-4°  C  is 
Blower  and  is  reached  a  little  later,  at  the  36th  hour  after 
death. 


In  this  regard  List  ,  monocytogenes  proves  similar  to 
Peat,  pseud  otuber oulosis  1 2 J  and  differs' 'sign  lflo  ant  ly  from 
the  systematically  more  akin  Kry b ,  rh  us  lo path  la e .  in  whose 
ease  the  temperature  deorcase~~hae'  a"  sharp  effeoT  on  the  ex¬ 
tent  to  which  its  virulence  rises  in  the  carcasses  after  death. 

Like  a  few  of  the  eeptlcemlo  agents  studied  by  us 
earlier  [3,  3,  4],  Listeria  monoovtogenes  also  manifests  a 
well-pronounced  capacity,- as  can’  t>e  soon  from  the  facts  set 
forth  above,  to  multiply  In  the  carcasses  of  dead  animals  at 
a  temperature  from  0-4°  C.  This  faot,  Just  as  the  fact  that 
the  virulenoe  of  List  or  la  non  ocy  to  gone  a  at  this  temperature 
attains,  albeit  more  slowly,  the  s^e  level  as  at  a  temperature 
of  16°  C  (up  to  3000-fold  in  comparison  with  initial  virulence), 
i 8  of  extraordinarily  great  significance  and  sho-,s  thut  in  the 
oaae  of  listeriosis  too  carcaseeo  huve  a  most  important  role 
as  a  reservoir  and  a  vary  dangerous  source  of  Infectious  out¬ 
break. 


All  these  data,  ascertained  during  our  reeearoh  on  the 
multiplication  and  virulence  of  LI  at  ar  la  In  the  organism  of 
infeoted  animals  and  especially  in  'their  oaroasses,  place 
listerloslB  in  an  entirely  new  light  from  the  viewpoint  of 
eplzootiology  and  epidemiology  and,  above  all,  from  the  view¬ 
point  of  the  doctrine  of  the  natural  foous  of  lnfootloua  dis¬ 
eases. 

OonolUBions 

On  the  basis  of  the  experiments  hare  conducted  the  fol¬ 
lowing  conclusions  can  be  drawn; 

1.  Parallel  with  the  occurrence  of  comparatively  more 


8 


federate  poctnortol  multiplication  of  Liu  tar  lo  me  no  cy  tore  no  b 
in  the  tlBBuos  of  animals  that  have  died  of  e xp car"  i  ”-o "tiTaT ~TT b - 
toriOBlo,  the  re  takos  place  also  a  vary  great  lncrouoo  in  the 
virulence  of  tills  microbe.  In  contrast  to  the  tissues,  no 
multiplication  of  1,1  at  a rl a  is  observed  in  the  blood  . 

i }.  The  di  ffarent  temperatures  hove  more  influence  on 
tho  rate  at  which  poutmortul  multiplication  takos  placo  than 
on  the  number  of  bacteria.  At  20°  C  tho  number  of  Listeria 
inorease  100-fDld  by  the  48th  hour,  at  a  temperature  of  16u  C 
30-  to  40-fold  by  the  48th  hour,  while  at  rufr iterating  tem¬ 
perature  tho  oane  level  1b  barely  reached  by  tho  72nd  hour. 

3.  Tho  Intensification  of  the  virulence  of  Listeria 

mono  oytcg  one  s  which  takes  place  simultaneously  with"  'THe - 

post  mortal  mul  ti  pi  1  oat  ion  io  likewise  not  directly  dependent 
on  temperature  chonges  At  28°  C  it  roucheB  ito  maximum  by 
the  24th  to  36th  hour  (1C, 000-fold  in  comparlaon  with  initial 
virulence),  while  at  a  tenparature  of  16°  C  the  increase  in 
virulence  reaches  a  maximum  of  3, 000-fold  at  tho  24th  hour. 

At  a  temperature  of  C— »-  C  the  rise  of  virulence  takeB  plaoe 
more  slowly,  and  this  same  maximum  is  hardly  reuchod  at  the 
36th  hour  . 

4.  Thu  great  differences  registered  between  passage 
virulence  (during  the  dicoaee)  and  postmortal  virulence  of 
Lister  la  monooytogonq  b  emphasizes  the  great  role  of  carcasses 
of  animals  thaVhave  died  from  listeriosis  from  the  viewpoint 
of  eplzootiology,  epidemiology  and  the  doo  trine  of  the  natural 
fooue  of  lnfeotloue  diBeasua, 

Submitted  to  press  26  November  1964. 
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SOIA1ARY 

Follow-up  studies  ware  made  of  the  multiplication  and 
virulence  of  Listeria  rnonooytogen9B  in  the  organism  of  experl- 
mentally  inoculated  'guinea  pigs  and  in  their  carcasses  after 
death. 

'  On  the  basis  of  these  experiments  it  wbb  established 
that  simultaneously  with  e  comparatively  moderate  postmortal 
multiplication  of  Ll3teria  mono cy togeneB  in  th-  tissues  there 
takes  place  a  a  well  an  extraordinary  intenslfi  atlcn  of  its 
virulenoa.  No  multiplication  le  obaarvod  in  the  blood  of  ex¬ 
perimental  animals.  It  is  noted  that  temperature  changes  af¬ 
fect  the  rate  at  whioh  multiplication  takoB  place  and  viru¬ 
lenoe  increases  af>,er  death.  The  increase  of  virulenoe  in  the 
carcass  takes  place  in  the  following  order:  at  28°  C  10,000- 
fold  by  the  24tk-36th  hour;  at  18°  C  3, 000-fold  by  the  24th 
hour;  and  at  0-4°  C  3,000-fold  by  the  36th  hour. 

The  elicit  lnoreaae  in  virulence  during  the  disease  (up 
to  60-fold  in  oontpariaon  with  initial  virulenoe)  and  the  sharp 
rise  after  death  (up  to  10,000-fold)  emphasize  the  important 
role  of  oaroacees  oa  a  s ignifioantiy  more  dangerous  reservoir 
and  souroe  of  infeoticus  outbreak  than  the  organism  of  animals 
suffering  from  listeriosis.  _ 
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